Introduction
Leptospirosis is among the highly neglected zoonotic diseases in tropical and subtropical countries despite its high prevalence especially in Africa (Pappas et al., 2008) . The disease is caused by spirochete bacterium of the genus Leptospira. Leptospira serovars may infect certain host animals and cause different disease manifestations (Bharti et al., 2003) . Serovar -host specificity is common in leptospirosis epidemiology. Therefore, serovar is the lowest taxonomic unit which have implication in serological diagnosis of leptospirosis. Most leptospirosis cases are undiagnosed or misdiagnosed due to lack of awareness of the disease and difficulties in carrying out laboratory confirmation tests (WHO, 2011) . Use of serovars unrelated to the infecting serovar in serodiagnosis of leptospirosis may lead to misdiagnosis of this disease. It is estimated that up to 20% of undefined febrile illness are due to leptospirosis (WHO, 2011) . The distribution pattern of human leptospirosis worldwide shows that the highest median annual incidence occurs in Africa (95.5 per 100,000 population) followed by the Western Pacific (66.4), the Americas (12.5), South-East Asia (4.8) and Europe (0.5) (WHO, 2011) . High burden of leptospirosis is driven by fewer economic resources thus people living in rural and semi-urban slums are more vulnerable.
Recent studies from the African region shows high prevalence of leptospirosis in villagers engaged with gold-panning in Gabon (Bertherat et al., 1999) , in small mammals in Benin (Houemenou et al., 2013) and in rodents in urban settlements in Kenya (Halliday et al., 2013) . A study from Uganda also shows high prevalence of leptospirosis in buffalos (42.39%) and cattle (29.35%) (Atherstone et al., 2013) . In Tanzania, several Leptospira serovars including Sokoine, Kenya, Lora, Pomona, Canicola and Hebdomadis have been identified to infect rodents and domestic animals especially in Morogoro (Machang'u et al., 1997; Machang'u et al., 2004; Mgode et al., 2006; Ahmed et al., 2006) . A recent report by Biggs et al. (2011) also shows a high prevalence of leptospirosis in human patients with fevers in northern Tanzania.
Major reservoirs of leptospirosis are rodents and other small mammals (Babudieri, 1958; Everard, 1992) . The disease is also reported in bats in South America and Australia (Matthias et al., 2005; Bessa et al., 2010; Tulsiani et al., 2011) . Studies of leptospirosis in bats and the extent to which they contribute to its transmission to humans and domestic animals in Tanzania and Africa in general are lacking. Bats which share habitats with humans increase the potential risk of transmitting leptospirosis to humans (Daszak et al., 2000; Calisher et al., 2006; Mühldorfer, 2013) . The objectives of this study were to determine the prevalence of leptospirosis and local Leptospira serovars in bat colonies roosting around human settlements and school premises; and to establish new potential reservoir of Leptospira pathogens in Morogoro municipality in Tanzania.
Materials and Methods

Study sites and sampling of bats
Mist nets were used to capture bats at Sokoine University of Agriculture (SUA) main campus. In addition, bats roosting on trees (Figure 1 ) at Nunge A, Nunge B and Mwere primary school were captured manually and transported in ventilated plastic buckets to Sokoine University of Agriculture, Pest Management Centre. Blood samples were collected from orbital vein and by heart puncture after anaesthetizing the animals with di-ethyl ether. Serum for serological detection of Leptospira antibodies was separated from blood by centrifugation and thereafter stored at -20 o C until used.
Figure 1: Bats roosting on mango tree near residential houses (triangles) in Morogoro
Microscopic agglutination test for Leptospira antibodies
The gold standard microscopic agglutination test (MAT) used for serodiagnosis of leptospirosis was applied to determine Leptospira antibodies in bats' serum as described elsewhere (Cole et al., 1973; Goris & Hartskeerl, 2013) . Six live Leptospira serovars including local Leptospira serovar Sokoine, serovar Kenya and serovar Lora reported in rodents and domestic animals in Tanzania including Morogoro areas, and reference serovars Hebdomadis, Canicola and Pomona were used in the study.
Briefly, selected Leptospira serovars were inoculated into fresh EMJH (Ellinghausen and McCullough, modified by Johnson and Harris) culture medium and incubated at 30 o C for 5-8 days.
Well grown Leptospira culture with density of 300×10 8 leptospires/ml was used as antigen mixed with equal volume of serum diluted serially in phosphate buffered saline (pH 7.0). The antigenserum mixture was incubated at 30 o C for 2 hours and examined for agglutination under dark field microscopy (Cole et al., 1973; Goris & Hartskeerl, 2013) .
Ethical considerations
Live bats were safely handled in compliance with the "Animal Research: Reporting In Vivo Experiments" guidelines and the Helsinki Declaration.
Results
A total of 36 bats were captured and tested for Leptospira antibodies. Leptospira antibodies were detected in 7 out of 36 (19.4%) bats captured. Bats infected with leptospires were from diverse colonies roosting at Mwere primary school, Nunge A and Nunge B sites (Table 1) all located within human settlements in the town centre (Figure 1 ). The prevalence of leptospirosis within the three bats colonies was high (15.4%, 25% and 27.3% respectively) ( Table 1) . Leptospira antibodies were not detected in four solitary bats collected from Sokoine University of Agriculture, main campus. The antibodies detected in bats were of Leptospira serovar Sokoine (n=7) (19.4%); serovar Kenya (n=1) (2.8%); and serovar Lora (n=1) (2.8%). The specimens which reacted with serovars Kenya and Lora also reacted with serovar Sokoine suggesting cross-reaction or potential infection with more than one serovar (Table 2) . Serovar Sokoine was detected in bats from all three colonies roosting on mango trees in town centre including trees planted on edges of Mwere primary school play grounds. 
Discussion
This study shows a high prevalence of leptospirosis in bats in Morogoro Municipality, suggesting potential public health risks to people sharing habitats, living closer to bat colonies or doing socio-economic activities in environment contaminated with bat's urine and faeces. Those at higher risk include children playing on grounds under trees infested with bats. This is the first report of Leptospira infection in bats from Tanzania. Leptospira serovar Sokoine is the most prevalent in these bats. Leptospirosis prevalence within bat colonies was between 15.4% and 27.3% but absent in solitary bats. These results suggest a high transmission rate of Leptospira pathogens within bat's colonies than in solitary bats which live in smaller numbers contrary to aggregating bats which form large colonies roosting on trees and building structures. Lack of aggregation behaviour in solitary bats likely minimizes chances of transmission of Leptospira in these bats, whereby social bats have more chances of transmitting the pathogens within colonies. Serovars Lora and Kenya had a low prevalence. These three serovars were previously reported in rodents and cattle from Morogoro (Machang'u et al., 2004; Mgode et al., 2006; Ahmed et al., 2006) , suggesting that they are common serovars in this area. The high prevalence of local serovar Sokoine in bats suggest involvement of bats in transmission of leptospirosis to other animals in Morogoro confirming recent reports that bats are reservoirs of Leptospira and transmit these pathogens to other animals in Australia (Tulsiani et al., 2011) .
Presence of Leptospira serovar Sokoine in bats show that serovar Sokoine has no host specificity as it has already been widely reported in cattle, rodents (Mgode et al., 2006; Ahmed et al., 2006) , fish (G.F. Mgode, unpubl) and now in bats. This serovar belongs to Leptospira kirschneri species serogroup Icterohaemorrhagiae consisting of serovars mostly occurring in eastern, central Africa and the Indian ocean islands located near east Africa (Faine et al., 1999; Bourhy et al., 2010) . The low prevalence of Serovars Kenya and Lora in bats suggests host specificity. The serovar Kenya has been commonly isolated from African giant pouched rats (Cricetomys spp.) (Kranendork et al., 1968; Machang'u et al., 2003; Machang'u et al., 2004) . Host specificity is a possible reason for absence of serovars Canicola, Hebdomadis and Pomona in bats. These serovars are reported in dogs, rodents, pigs and cattle from Morogoro (Ahmed et al., 2006; Kessy et al., 2010) .
These findings indicate the need for inclusion of serovar Sokoine and other serovars belonging to L. kirschneri and L. borgpetersenii species in the diagnosis or surveillance of leptospirosis in humans and animals in African region which is reported to have the highest burden of leptospirosis globally (WHO, 2011) but the disease is not given adequate priority although it is estimated that 20% of febrile illness of unknown origin is due to leptospirosis (WHO, 2011) . Some of the risk factors which may promote human contact with potential pathogens carried by bats such as Leptospira include living in houses closer to bat colonies; hanging washed clothes to dry under or closer to trees with bats colony; presence of kiosk shops in houses closer to bat colonies, as observed at Nunge street in Morogoro; contact with water from Morogoro river that pass closer to trees with bat colony at Mwere primary school where children often do sport fishing. Use of water from this river for washing cars and growing vegetables along the river could be another risk factor. Potential risk factors for animal leptospirosis in this area may include presence of free range goats and stray dogs which often visits domestic garbage collection points near bat colonies. Determination of the magnitude of leptospirosis infections in risk populations such as people living in houses closer to bat colonies is much needed. This could be achieved by using robust techniques such as specific PCR for detection of Leptospira DNA to reveal the actual prevalence than serological tests alone which cannot detect leptospirosis caused by serovars not included in the microagglutination test (Mgode et al., 2005) . Isolation of leptospires from bats and classification using multidisciplinary approaches (Mgode et al., 2010) is also required to obtain insights on other potential local circulating serovars and their pathogenicity status.
Control measures that prevent bats from entering and inhabiting buildings (houses and schools) are necessary. For example, all openings and cracks in houses should be covered using wire mesh or other materials to prevent bats access. Other ecologically, non-destructive and environmentally friendly methods that ensure species conservation such as relocating bats roosting in trees in town centre, houses and school buildings through coordinated and simultaneous disturbance of the bat colonies could be useful. This could prevent transmission of various zoonotic bacterial, fungal and viral pathogens (http://www.cdc.gov/features/bats) to humans especially children playing on grounds under trees infested with bats, school pupils in class rooms contaminated with bat's urine and faeces. Currently, residents in some parts of Morogoro occasionally burn old-used tyres put under infested trees to chase away bats. However, bats usually return to their colonies once smoke has disappeared. This method is therefore not sustainable and causes air pollution.
In conclusion, bats are potential reservoir and transmitter of Leptospira serovar Sokoine, in Morogoro Municipality in Tanzania. It is important that bats are prevented to access houses and roosting in human settlements to avoid public health risks. Routine diagnosis of human leptospirosis is needed in Tanzania as evidence show a high prevalence of Leptospira in reservoir hosts interacting with humans.
